DNA-based techniques have great potential for detecting genetic variability between genotypes. However, each approach generates different molecular markers, so the kind and amount of polymorphism detected and the cost and time required vary among them. In general, a good method for DNA fingerprinting to detect genetic polymorphism must generate a complex pattern of bands per experiment, the results must be reproducible, and, ideally, the procedure should be quick and convenient. The development of PCR-based technologies offers different tools with which to increase the number of molecular genetic markers and the range of polymorphism detected. RAPD (7) and DNA amplification fingerprinting (DAF) (1) are PCR methods based on the amplification of unknown DNA sequences. Because little or no sequence data for the organism are necessary, these methods can be applied to any species. RAPDs have been widely used, but they produce few bands per primer reaction and their reproducibility is questionable. Other methods have been used to produce DNA fingerprints that are generated by the same mechanism as RAPDs or DAF, the difference being the primer's non-arbitrary sequence. Gillings and Holley (4) described the long primers RAPD technique (LP-RAPD), which is based on the use of long primers 18-24-mers, designed using the consensus sequence of several families of short interspersed repetitive elements in eubacteria.
The aim of this work was to test the capability of two long primers of 19 and 20 nucleotides (F17 and F13, respectively), designed from two hypervariable sequences of rye, Secale cereale L. (6) (GenBank ® accession nos. F17-AF175285 and F13-AF175284) to amplify DNA from different species and to assess the primer's capacity to detect genetic variability.
The species used in this work included bacteriophage λ , bacteria (two species), yeast, fungi, lichens, plants (10 dicots species and 7 monocots species), and animals (four insects species and two fish species), and mammals (three species including humans).
In all plants tested, DNA was isolated by a modification of the method used by Dellaporta et al. (2) . PCR amplification was performed in 25 µ L containing 50-100 ng DNA, 4 mM MgCl 2 , 1 µ M oligonucleotide primer, 200 µ M each dNTP, 1.25 U AmpliTaq ® DNA polymerase (Applied Biosystems, Foster City, CA, USA), and 1 × Stoffel fragment buffer (10 mM KCl, 10 mM Tris-HCl, pH 8.3) (Applied Biosystems). The total volume was covered by light mineral oil, and a negative control was included in each experiment to test for possible contamination. Only one primer was used in each reaction. The sequences of the primers were 5 ′ -GAACCAGATTGCTGAGT -CC-3 ′ for F17 and 5 ′ -AAGTGTTGGT -TTTGGTTGTG-3 ′ for F13. After an initial denaturing step of 4 min at 94°C, amplification was carried out over 35 cycles of 1 min at 94°C, 2 min at 55°C, and 5 min at 72°C with a slope of 0.2°C/s, followed by an extension step of 10 min at 72°C. Amplification products were then separated onto 6.5% polyacrylamide gels containing 1 × TBE (89 mM Tris-borate, 2 mM EDTA, pH 8.0). The electrophoresis was performed at a constant power of 100 V. The gels were silver stained following the method described by Dias Neto et al. (3) .
In all cases, we tested the reproducibility of the patterns of bands by comparing the bands of DNA samples from one individual with amplifications performed by different workers and on different PCR repetitions. No differences were noticed between the patterns of bands obtained in each case.
Under the amplification conditions used in this work, both primers generated a complex pattern of bands in all the tested organisms ( Figure 1 ). The number of bands generated by F13, per individual, ranged from 18 in bacteriophage λto 54 in Barbus graellsii , and, in the case of F17, this number varied between 15 in bacteriophage λto 48 in Sinapidendron frutescens . When two species of the same genus were used, it was possible to differentiate between them.
Amplification with DNA belonging to varieties of plants or species was performed to assess the validity of the primers used to study genetic variability. Because the two primers were designed from rye DNA sequences, we used this species first to assess the possibility of detecting polymorphism among plants in two of their cultivars (22 plants from cv. Ailes and 19 from cv. Merced). Highly polymorphic bands were amplified; from the amplification patterns obtained, we were able to differentiate all the individual plants used in this experiment with only one primer. Considering all the studied individuals, the total number of bands generated with the F13 primer was 62 in Ailes and 71 in Merced, and the percentages of polymorphic bands were 87.1% and 97.2%, respectively ( Figure 2A) . The amplifications performed with F17 were carried out only in Merced, and the number of generated bands was 25, out of which 20 were polymorphic.
We chose several varieties of autogamous species, six from Triticum aestivumL., three from Triticum durumL., and 22 from Hordeum vulgare L. to test the ability of the primers to detect differences between closely related organisms ( Figure 2B ). With a unique primer, the pattern of bands showed sufficient differences to obtain a specific fingerprinting for each variety. This was possible because the number of markers generated by each primer was quite high and so was the percentage of polymorphic bands obtained.
The ability to generate complex and specific band patterns in different organisms is not a unique characteristic of the primers tested in this work. Gillings and Holley (4) described a set of primers that are able to amplify DNA of different origins. However, the number of bands generated in our work is higher than those obtained by these authors. It is possible that the number of individual bands in our experiments was apparently increased because of the higher resolution of the polyacrylamide gels in comparison with the agarose gels used in the earlier study (4) . Polyacrylamide gels were also used in the case of DAF, and our results in regard to band numbers are similar to the data obtained by these authors. However, depending on the species and the primer used, many parameters in the amplification reaction must be modified to ensure that DAF profiles are detected in an informative and reproducible manner (5), while in our case, all the amplifications were performed using the same PCR conditions for all the tested species. In the DAF, as no special primers were recommended, it is necessary to choose those with a convenient pattern of amplified bands. In conclusion, the primers used in this work were able to amplify DNA from quite a large number of organisms and have proven useful in detecting DNA polymorphisms without the timeconsuming optimization of the conditions of DNA amplification for each species and primer that is required with other techniques. Since the first phage display system was published, many different vectors for the display of peptides and proteins on the surface of filamentous phages have been developed (2, 8, 12, 13, 16) . Although great advances in vector design have been made during the last few years (1,4,5,6,17), handling and reliability of existing phage display vectors is not satisfying because of leaky promoters (17) and/or incompatible restriction sites. The lack of features that allow direct identification of non-recombinant clones and the absence of highly specific protease cleavage sites for proteolytic phage elution during the panning procedure present further drawbacks of existing vectors.
Here, we report a new series of vectors designated pGP-F100, pGP-S100, and pGP-CS400 ( Figure 1A ) with improved reliability and convenience of handling. The vectors were created by the introduction of several new features into the phage display vector pGZ1 (17) with the aim to abolish shortcomings of existing phage display systems.
One of these new features consists of a lac o/p -GFPuv stuffer fragment for easy detection of clones carrying the non-recombinant phagemid due to incomplete digestion or recirculation of the recipient vector. GFPuv is the socalled "cycle-3-mutant" of the green fluorescent protein (GFP) from Aqueoria victoria , which was optimized for expression in E. coli at 37°C (3). Another feature involves the integration of a Tev protease cleavage site (9) into the amino acid sequence of the widely used myctag. Tev protease is a highly sequence-specific protease from tobacco etch virus recognizing a heptapeptide cleavage sequence ( Figure 1B) . We termed this bifunctional affinity tag, MyCut tag. The Tev protease cleavage site located between the protein of interest and the minor coating protein (gIIIp) of filamentous phage can be used to elute recombinant phages from the immobilized bait molecule by proteolyic cleavage of the gIIIp fusion protein. To make the system as flexible as possible, a trypsin cleavage site consisting of the amino acid sequence KDIR (1, 5) was introduced at the N-terminus of gIIIp. Depending on the experimental requirements, the additional trypsin cleavage site allows the usage of trypsin as an alternative to Tev protease for proteolytic phage elution.
As these features are useful not only in phage display vectors but also in protein expression vectors, additional vectors for periplasmatic (pGP-S100) and cytoplasmatic (pGP-CS400) protein expression based on pGP-F100 were constructed ( Figure 1A) . In all vectors of the pGP series, expression of the gene of interest is controlled by the strictly regulated tetracycline promoter (tet o/p ). The tet o/p and the usage of two non-identical Sfi I cloning sites and the C-terminal domain of gIIIp in phage display vectors are features previously reported to potentially enhance the performance of phage display and bacterial expression systems (6, 11, 17) . Therefore, we also included these elements in our vector series. In addition, we introduced a unique Nhe I restriction site behind the amber codon (pGP-F100) or the TAA-codon (pGP-S100, pGP-CS400), respectively. The new Nhe I site and a Hin dIII site that was already present in the parent vector pGZ1 are located on either site of the gIII cassette. This modular design of the pGP vector series allows simple exchange of the gIII cassette to create other fusion proteins or bicystronic constructs.
The cytoplasmatic expression vector pGP-CS400 was equipped with a modified down box described by Sprengart et al. (14) . The down box sequence insures highly efficient translation initiation by its complementarity to a short stretch in the 16S rRNA sequence (Figure 1C) .
The vector pGP-F100 was constructed using PCR and site directed mutagenesis according to Weiner et al.
(15) with some modifications. In brief, PCR was performed on phagemid pGZ1 with primers GP-for and GPback (GP-for: 5 ′ -TCTTCTGAGATG -AGTTTTTGTCTGCGGCCCCCGAG -GCCGATGCAGCATCAGCCCGTTT-GATTTCC-3 ′ , GP-back: 5 ′ -GAATCT -GTATTTCCAGGGCTAGGCT AGCG -GCTCCGGTTCCGGTAT TTTGATT -ATGAAAAAATGGC-3 ′ ). To destroy remaining pGZ1 the PCR product was treated with Dpn I. Klenow fragment was used to polish the 3 ′ end, whereas 5 ′ ends were phosphorylated with T4 nucleotide kinase. The product was ligated and transformed in E. coli cells (strain XL-1 Blue) to yield the vector pGP1. Primers GP-for and GP-back introduced a second Sfi I site, MyCut tag, and a unique Nhe I site. The gIII was truncated to the region encoding the Cterminal domain of gIIIp (amino acids 253-406 of mature protein). pGP1 was changed to pGP-F by inserting a 6xHis-tag and the trypsin cleavage site (5) using standard PCR and cloning methods. For the construction of pGP-S, the amber codon in front of gIII 253-406 was changed to TAAT, whereas the last thymine that is not part of the actual stop codon was added for efficient translation termination (10). The cytoplasmatic expression vector pGP-CS4 was constructed by exchange of the PelB leader sequence in pGP-S100 against a modified down box sequence. In t he last step, flanking Sfi I sites were added to a lac o/p -GFPuv cassette that wasamplified by PCR from pGFPuv (Clontech Laboratories, Palo Alto, CA, USA) . This cassette was cloned via Sfi I
